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Biological monitoring of exposure 
to n-heptane by gas
chromatographic/mass
spectrometric determination of its
metabolites
A. Sturaro, G. Parvoli, L. Doretti, F. Valentini, G. Gori
and G.B. Bartolucci

Urine samples from 10 workers that had been exposed to 
n-heptane were analysed by the GC/MS technique to verify the
concentrations and the relative abundances of its metabolites.
The procedure of sample preparation has undergone some
modifications with respect to the Perbellini method and the mass
spectrometric detection was carried out in selected ions
monitoring conditions. The analyses of samples collected during
three different workshifts showed that 2-heptanol was not the
main metabolite and that the remains of 2-heptanone,
valerolactone and 2,5-heptanedione were present at the
beginning of the successive work-week at 12, 34 and 39% of the
average values found at the end of the previous week. Overall, a
very slow excretion rate was detected for the last metabolite.
The main and significant metabolite at the end of the two
workshifts was 2-heptanone which was detected in urine at
average values of 413 and 238 m g g± 1 creatinine. This urinary
ketone correlated better than other metabolites with respect to
the airborne n-heptane at the end of both the workshift and
work-week. These preliminary data suggest that further studies
should be carried out to confirm whether 2-heptanone is really
useful as an n-heptane marker in biological monitoring.

Keywords: n-heptane metabolites, glues, adhesives, biological
monitoring.

Introduction
In  in du st r ia l  processes the hea lth  r isk is of ten  link ed  to  th e u se

of low -boil ing so lv en ts  such as al iphatic hydrocarb ons. T his

occurs in  shoe factories  where  th e so lvents  contained  in  g lues

an d ad he si ves are  t he dan gerou s co m po und s (L ued er so rf et al.

1985, Marasi  et al. 1986 , Triebig  and S challer  1991, S treete  e t

al. 1992,  Va len tin i  et  al. 1994).

Recently  a  signif ican t m odificat ion in  the com posi t ion of  the

solv ent  m ix ture  h as  been observ ed. T he reason fo r  these

variat ions is  due to  the introduct ion of  some E EC regu lat io ns

on the label l ing of  the toxic-harm ful  p ro du ct s ,  w hich  ha s

in d u c e d  p rod ucer s to  change the com positio n of  the so lvent

m ix tu re . S o,  new products co ntain a  lower  concentrat ion o f  n -

hexane,  but  a  higher conten t  of  n -h ep tan e.

L o w  exp osure  to n -hexane lead s to  a lo w ur inary  excre t i on

of 2 ,5-hex anedione w ith th e consequent red uced  r isk to

wo rker s,  w hile  th e increa sed  p resence of  n -h epta ne m akes t he

d et e rm ination of  i ts m etab olites  impo rtant .  A  sen si t iv e and

accurate  analy tical  m ethod is n ow essential  to  stud y th e

co rrelat ion  betw een the n -h ep tane i n  th e air  and the u rin ary

metaboli tes so  as to  single  out  a useful  metaboli te  to

biological ly  m onitor  th e expo sure .  T he scien tif ic  com m unity

has sho wed l i t t le  interest in  this  so lv en t  and it s  metaboli tes,  as

dem onstr at ed  by  the few paper s publ ished  (F ron tal i  et al.

1981, Bahim a et  al.  1984, Perbellini  et al . 1986 , Vale nt ini  et al.

1994, Stormer and Fisher  1995). The pathway of  i ts m etabolic

transform a tio n has b een  p ropo sed  by Bahim a et  al. (1984) and

Perbell ini  et al. (1986). In  part ic ula r,  the enzym atic  o xidatio n

of n -heptane leads to  the form ation of  f our isom eric  heptan ols ,

the 2-  an d 3-species  being th e most  abundant.  T he 2-heptanol

can  be furth e r  h y drox ylated  to  prod uce 2-heptanone or  2 ,6-

and  2,5 -he ptaned iol .  S ubsequ ently,  th ese co m po un ds can  be

oxidized to  corre sp on d ing  h yd ro xyk eton es w hich  m ay be

metabolized to  2 ,5-  an d 2,6-heptan ed ione.  Moreo ver,  the

formation of  g -va lero lac ton e pro bably proceeds b y ox idatio n

and deacetylat ion  of  6 -hydroxy -3-heptanone to  yield  

4-h yd rox yp enta no ic a cid w hich  i n  turn  lactonizes to  th e

co m p o un d  fo u n d .

A mon g all  these  m etab oli tes,  2 ,5-heptanedione, l ike the

co rresp o n din g c om po u n d in  n -hexa ne,  can  hav e neu ro tox ic

effect s (O ’ Donoghue and Krasav age 1979).

T h is pap er p roposes a GC/MS m ethod for  the  determ in at ion

of the main  metabo lites,  such as 2-hep tanone (2-one) ,  

2-hept anol (2-o l), 3-heptan ol (3-ol ), g -va lero lactone ( lactone)

and 2,5 -hep tanedione (dione) in  the urine samples collected

fro m the sam e workers  during three  different  phases of  the

indust r ia l  cycle  and m akes som e con siderat ions about ch oosing

the m ost  su i tab le  and bio-kinetical ly  signif icant  com pound

am ong the  possib le m etaboli tes of  the n -heptane absorbed .

M oreov er,  the study em phasizes th e trend  in  the re lea se of

target-compounds der iving  from  m etab olized n -h eptane .

MATERIALS AND METHODS
The study involved 10 workers exposed to n-heptane in a shoe factory in which the

persons worked in a single 8-h workshift. Urine spot samples (n = 30) were

collected from all the subjects within 1 h of the end of the first workshift (Monday),

within 1 h of the end of last working day of the work-week and before starting the

first shift of the successive work-week. The urine was frozen at -20°C prior to

analysis. During each workshift concerned with urine collection, the workplace air

was analysed so as to determine the respective exposure to n-heptane of each

target worker. The personal sampling of airborne hydrocarbon was carried out by

solid sorbent cartridge, containing charcoal coconut (100 mg/50 mg) at a flow of

0.6 l/min for 4 h. The analyses of the above cartridges were performed by the

GC/FID system after desorption with 1 ml carbon disulphide, obtaining a

percentage standard deviation of 6.3 on the overall method (Eller 1984).
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The five metabolites of n-heptane were analysed using a modification of the

method of Perbellini et al. (1986). To a 5 ml urine volume derived from each of the

samples collected was added 0.25 ml HCl (12 N), followed by heating at 100°C

for 90 min in order to obtain the acid hydrolysis. After cooling, the hydrolysed

sample was extracted with 5 ml dichloromethane. Subsequently, the organic

phase was dried on sodium  sulphate. To a 2.5 ml aliquot of the extract was

added 4.4 m g exactly of n-butyl acetate (Bac), which was used as the internal

standard, and following this the volume was reduced by nitrogen flow. One m l of

solution was injected into the GC/MS instrument. Urine from non-exposed workers

underwent the same hydrolysis and extraction treatments as urine from workers

and was used as the reference.

All the metabolite measurements were performed using a Hewlett-Packard

GC/MS system consisting of a 5890 II gas chromatograph and a 5971 A

quadrupole. An HP Vectra 486 data system was used for the acquisition and

elaboration of data.

The GC separation of analytes was obtained using an Ultra-1 (25 m, 0.2 mm

i.d.) as the capillary column, under the following conditions: (a) for metabolites:

column temperature, 55 °C for 3 minÐ 5 °C min± 1 Ð 180 °C for 10 min; (b) for n-

heptane: column temperature, 40 °C for 2 minÐ 10 °C min± 1Ð 100 °C for 5 min.

For all the measurements the injector temperature was 250 °C, the

interface/detector temperature, 280 °C and the splitless time, 0.2 min.

The mass spectrometric determination of the five n-heptane metabolites and

internal standard was carried out by recording specific mass fragments (SIM) as

reported in Table 1, obtained with an electron energy of 70 eV, a dwell time of 50

ms and a source temperature of 176 °C.

2-Heptanone, 2-heptanol, 3-heptanol, g -valerolactone, n-butyl acetate, used as

the internal standard, and HPLC grade dichloromethane were purchased from

Aldrich, Milan, Italy. 2,5-Heptanedione was kindly supplied by L. Perbellini, Institute

of Occupational Medicine of University of Verona, Italy. All the reference

compounds had a purity of more than 98% as reported in the Aldrich catalogue

and verified by GC/MS for dione.

In all the urine samples, the creatinine content was determined by the method

of Jaffe, and metabolite values were expressed per gram of creatinine.

Results and discussion
T he  pro ce d u re  for  sam ple preparation for  the GC/MS  analys is ,

was subjected  to  some mod ificat io ns,  on e of  w hich consisted

of th e 5  ml ur ine used as the s tart ing sam ple.  M oreov er, af ter

a cid h y d ro lysis ,  the aqueo us so lut io n was extracted w ith 5  m l

CH
2
Cl

2
and to  a  2 .5  m l al iquot  of  this ph ase (dried on  sodium

su lph at e)  w as ad ded  n -buty l  ace tate , as an in terna l  s ta nd ard ,

an d the vo lum e  sub se que ntly  re du ced .  T he de tect io n and

successive determ ination of  the m etabolic  species pro po sed  by

P er bell ini  et  al.  (1986), except 4-hep tanone, w as  perfo rm e d  in

se lection ion monitoring,  as re p o rt ed in  Table 1 . Of the thre e

analytes,  2-heptanone,  2-  and 3-heptanol ,  only a s ingle  spec if ic

io n was m on ito red,  w hile  fo r  l actone and hep tanedio ne two

characteris t ic  ions were  reco rded .  T h e l ast  co lum n  sh ow s th e

metabolite  linear i ty ranges  (R 2 > 0.99 0)  useful for

d et e rm ination s in  the real sam ples.  T he cal ib rat ion curv e s

w e re obtained with f ive differen t  c onc entr at io ns p re p a re d

using  ur ine of  un exp osed p erson s sp iked wi th sui table

m ethanolic  so lut ions of  the invest igated m etabo li tes.  Peak

a reas for  standards an d  i n tern al  s t an d ard  w e re  m ea su red  fro m

GC/MS-S IM traces and the rat io  plo t ted against  concentrat ion

of each  metabo lite. Regression coeff icients , R 2,  and  co nstant s a

a n d  b  w e re  calculated fro m  th e re l at i on ship y = a x + b w h e re  

y = area r at io  an d x  = m etaboli te co ncen trat ion in  m g l±1.  S u ch

values  for  a l l the n -heptan e m etaboli tes stud ied are  re p o rt ed  i n

Table 2 .

T h e detect io n l im its  w ere 6, 10 , 8 , 20 and 10  m g l±1 for  2-one,

2-ol,  3-ol , lactone  and dione, respect ively, with a  signa l- to-

noise rat io of  3 .  T he re lat ive stan dard  devia t ion (coeff ic ien t  of

variation) for four rep licate  d eterminatio ns of  spiked ur ines

containing 77,  61, 100, 528 and 80 m g l±1 of 2-one, 3-ol, 2-ol,

lacton e an d d ione,  respecti vely,  w as less  th an 8% . T he

re covery  metho d was evaluated as  being abo ut 91% . In

p a rt icu lar,  two  5 m l ur ine sam ples sp iked with  an average

concen trat ion of  the invest igated metaboli tes , w ere  su b m it te d

to the sam e ex tr act ion,  dry ing and volu m e re d u c t io n

t reatm ents  as  the rea l  sam ples.  T he respective GC/MS  data

w e re  co m p ared w ith tho se  o btained f rom  th e m eth an ol ic

st a n d ard  so lu tio n (con tain ing the sam e metabo lite  am ou nts)

d i rect ly  analysed w ith out  any  pre l im ina ry  treatm en t.

F igure  1  sh ows a  typical  chrom atogram  of a  urine  ext ract .

T h e in strum en ta l  sensi t ivi ty  for  al l  the m etabo li tes al low ed  the

assignment of  s ignif icant  values  for  96%  of  the metaboli tes in

sam ples  collec ted at  the end of  the sh if t and work-week  ag ainst

72%  of the useful  detect io ns at the beginning of  the w eek.  T he

m ost  a bun dan t m etab oli t es in  the Mo nday  sam ples were  

2-heptano ne,  valero lactone and 2,5-hep taned ione.

T he averag e values of  each  metab olite dur ing  the respect ive

worksh if ts are rep o rted in  Table 3 where the  real  increase in  the

metab ol ite con cen trat ions at  the end of  sh if t and work-week is

shown. At the begin ning  of the f irst workshif t of the fo llowing

week the rem ain ing  ave rage  values of  2-heptan one , val ero lac tone

and 2,5-heptaned ione  were 12 , 34 and  39%  resp ectiv ely  of the

average amounts det ecte d at the  end of previ ous work-week.

In the invest igations rep o rted in  the l i terature  (Bahim a et al.

1984, Perbel l in i  et  al. 1986),  the m ain part  amo ng the 

n -heptane m etaboli tes is  ass igned to  2-heptano l while

A. Sturaro et al.190

Metabolite MW rt (min) Ions Standard (m g l± 1)

2-Heptanone 114 7.52 58 20± 512

3-Heptanol 116 7.98 59 30± 1020

2-Heptanol 116 8.10 45 25± 2000

Valerolactone 100 8.81 56, 85 105± 10560

Heptanedione 128 11.40 99, 57 30± 1152

Butyl acetate 116 5.42 43 I.S.

Table 1. Molecular weight, retention time, selected ions and concentration of

standard solutions of n-heptane metabolites and internal standard.

Metabolite a b R2

2-Heptanone 0.071 ± 0.25 0.994

3-Heptanol 0.045 +0.40 0.997

2-Heptanol 0.052 +2.32 0.997

Valerolactone 0.029 +2.38 0.997

Heptanedione 0.071 ± 0.77 0.999

Table 2. The regression coefficients, R2, and constants a and b as calculated

from the relationship y = a x + b where y = peak area ratio of n-heptane

metabolites vs internal standard and x = concentration of standard metabolite

in m g l ± 1.
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h eptan edion e is  som etimes und etectable .  In  th ese

ex per im en tal  dete rm inatio ns t he 2 ,5-hep taned ion e speci es

w e re  alw ays foun d in  the urine sam ples,  bu t  2-heptan one was

c o n sid e red  t he  p redom inant  m etab oli te,  af ter  the lacton e was

exclud ed  due to  i ts lo w specif ic i ty.  T h e m easure d

concentrat ions of  n -heptane in  air  were  in  the range of

15.3±91.7 m g m±3, corre sponding to  an average value of  46.1

m g  m±3. T he reg ression  co eff ic ients , R 2,  and  co nstan ts a  a n d  b ,

re p o rted  in  Table 4 , show a possible correlat io n betw een the

solv en t  values  in  the air  and the biological monitoring data.  In

p a rt ic ula r,  using the urines from  the end  of  the workshif t,  n -

heptane in  the air  signif icantly  co rre lated  with 3-h ep tanol ,  2-

h eptano ne and  2,5 -hep tanedio ne,  w hile  for  the sam p les at  the

end of  the work-w eek the solven t  value correlated with 2-

h ep ta no n e,  o nly.  2-Heptanone w as clear ly  the m etaboli te  with

th e hig hest  R 2 value in  both si tuations (Va len tin i  et al. 1994).

Regard in g the 2-h ep tan ol , no correlat ion h as b een  dr awn fro m

data  of  the  airborn e C
7

h y d rocarb on an d this  m etabo li te  in

ur in e.  F u rt h e rm o re ,  a  com par ison of  the urinary

concentrat ions of  the m etabo li tes  stu died dur ing the differe n t

wo rkshif ts  d em o nst r ated that  the excre t ion of  m etabolized 

n -heptane extended over t im e leading to  the v ar ied  rel ease  of

metabolites.  L ooking at  the m etabolic  pathw ay,  the 2-  and 

3-heptanol  sp eci es  are  generated  in  the f ir st  metabolic s tep,

wh ile  2-h eptan one,  bu t  in  part icu lar, valero l acto ne and  

2,5-heptan ed ione appear in  th e ul t im ate p hases  o f  th e

biotransform a tion  process and only af ter  a longer t im e

(Bahima et al. 1984) .  The high  residu al  level  of  hep taned ione

at  the  beg inning of  the f irst  sh if t of  the successive work-week

was surprising,  as  i f  the persistence  of  this m etaboli te in  the

ex cre te d ur in es w ere  du e to  t he con tin uou s ex po su re  to

heptane.  S imilar  behaviour  was also  re p o rte d recently  by

S tormer and Filse r  (1995)  where  th e e xpo sure  to  n -h ept an e in

the 100 ±500 ppm range led, af ter  72 h,  to  the highest  and

constant  level  of  2 ,5-heptanedione in  ur ines. This  tre n d  is

typical of  a kinetically  slow m etabolic pro cess.  T herefore, fro m

n-Heptane biological monitoring 191

Concentration (m g g± 1 creatinine)

2-Heptanone 3-Heptanol 2-Heptanol Valerolactone Heptanedione

A 413 (70± 826) 243 (48± 650) 188 (nd± 1063) 4431 (1234± 13552) 197 (77± 400)

B 238 (96± 525) 241 (29± 778) 237 (nd± 1048) 3547 (1368± 9614) 167 (93± 447)

C 29 (9± 84) 8 (nd± 26) 5 (nd± 11) 1209 (178± 1397) 65 (31± 114)

Table 3. Average concentrations and range ( m g g ± 1 creatinine) of five n-heptane metabolites determined in urine of 10 exposed persons during three different

workshift phases: at the end of first working day of work-week (A), at the end of the last day of the same work-week (B) and before the starting of the first workshift

of the successive week (C).

Key: nd, not detected.

Figure 1. Typical GC/MS-SIM chromatogram of n-heptane metabolites detected in urine extract operating under the following instrumental conditions: GC (25 ḿ 0.2 mm

i.d. Ultra-1 capillary column submitted to 55 °C for 3 minÐ 5 °C min± 1 Ð 180 °C for 10 min and injection in splitless for 0.2 min); MS (EI, 70 eV with acquisition in single ion

monitoring of specific ions for each target metabolite).
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a toxico logical  poin t  of  view, hep tan edion e det erm in a t io n

co uld be im p ortant as a  way of  es tim at ing the heal th  r isk, i ts

s low  and  del ayed  ex cre t io n does not  a l low o ne to  fol low  and

c orrelate  the ex posure  to  the ai rborne C
7

h y d rocarbo n w hen  i ts

p resence in  ai r  is variable  and almost  dai ly, as in  the  case  of

shoe worker s.

On  the other  han d,  thi s a im  was rea ched  u sing  2 -hep tan on e

as a mark er,  w hich  fo l low ed m ore  clo se ly th e exposure  to

h eptan e an d show ed  a go od correlat ion at  the end o f  the

wo rksh if t  and wo rk-w eek and  the best  gas ch rom ato grap hic

respo n se w i th  respect  to  2-  and 3-h ep tanol .  Th is  metaboli te

w as also presen t  to  a small ex ten t  (12% ) af ter  2  days fro m  th e

last  exp osure .

F u rth er  s tudies wo uld b e useful  to  def ine the imp ort an ce

and th e meaning  of  each metaboli te  w ith respect  to  th e

e x p o su re  t o  h eptan e and  th e respect ive heal th  r isk  of  each of

them. In any case,  valero lacton e is d isregarded,  in  that  i t  is not

only a specif ic  metabolite  of  hep tane (P erbellini  et al . 1981) .
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a b R2

End of first workshift

Heptane/3-heptanol 0.110 72.68 0.384

Heptane/2-heptanone 0.056 74.01 0.410

Heptane/heptanedione 0.095 79.87 0.410

End of work-week

Heptane/2-heptanone 0.050 74.01 0.410

Table 4. Significant correlations between the data of environmental

monitoring and some metabolites measured by biological monitoring in two

workshifts.
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